Abstract-The concept of "Automation" have just started flourishing, companies have developed automated systems of their own to control alarms, sensors, actuators and video cameras and moving further the concept of automated buildings is being recognized. This Paper attempts to study standards / technologies which are used for Home Automation. In brief, concern of this Paper is to cover the detail Technical aspects of the Home Automation Standard/ Technology.
I. INTRODUCTION
Building automation systems nowadays are common place in office, commercial and industrial constructions. Airports, commercial centers, hospitals and factories are all built with automated controlling systems to create the best possible indoor conditions. Yet, homes where people spend most of their time are built nearly without any automation. Still the automation systems could improve health, energy-conservation and comfort [1] .
There are several competing home automation systems in the market but none of them has gained competitive advantage over others. Technologies are available but there are no standard practices among designers, contractors and installers to realize the systems. Lack of regulation of electrical design has lowered the quality of electrical documentation and electrical contractors often receive inadequate designs based on which they are expected to realize the home automation systems. The electrical designers are not responsible over their documentation leaving the contractors liable for the realization of the system. Home automation has not been actively studied from the point of view of electrical designers and contractors before. The past research has concentrated mostly on the end users, especially on the elderly and disabled users who benefit from automation the most. It is important to study the actual process of developing the home automation systems so that the operations can be improved and updated where needed. Electrical industry is very conservative and thus the changes within the field are slow. However, small changes in procedures can make significant improvements in the workflow and accuracy of the product. The paper is organized as follows. Section 2 briefly introduces the wireless protocols which includes Bluetooth, Wi-Fi, USB and ZigBee and explains their independent parameters like Hardware Dimensions, Memory Requirements, Bandwidth and Range, Power Consumption, Network Features, Security and Reliability and Costs and finally Section 3 concludes the paper.
II. HOME AUTOMATION TECHNOLOGIES -AN OVERVIEW
Home automation, or the idea of smart homes, is the controlling and monitoring of home appliances in a unified system. These include lighting, heating, and even home electronics. Home automation is closely related to (industrial) building automation where lighting, climate control (HVAC: Heating, Ventilation, and Air Conditioning), and security systems are integrated for central and/or automated control. Building automation often focuses on the automation of large commercial buildings. In contrast, home automation focuses more on comfort and entertainment, but both HVAC and security can be (and often are) part of a smart home.
There are many different types of home automation systems available. These systems are typically designed and purchased for different purposes. In fact, one of the major problems in the area is that these different systems are neither interoperable nor interconnected [2] . These systems range from simple remote controlled light switches to fully integrated and networked devices controlling all appliances in an entire building. From a technical point of view these systems can be divided into two main groups differing in complexity. Infrared remote controls, commonly used in home entertainment systems, can also be a part of a home automation system [3] .
To be precise, for measuring in small devices the data rate demand is an insignificant parameter compared to e.g. the reliability or power consumption, we have decided to Study Four of the technologies for study they are [4] . The smallest Bluetooth devices currently available on the market are utilizing the v2.1 EDR chips manufactured by CSR in the Blue Core series [8] . The dimensions of these chips in the WLCSP are no larger than 4x4mm (0.17x0.17in), thus they can be easily integrated e.g. into USB-A type connectors [9] .
1)

b) Memory Requirements
A disadvantage of Bluetooth usage in small medical devices is the fact that a full Bluetooth stack is too large for embedded applications [10] . Because of that, most simple applications only include a fraction of the stack in their firmware [11] . Full stack is then implemented in a device with more computational power (and usually acts as a host), As for hardware in numbers, the latest BlueCore series chips (BlueCore6) are equipped with 6MB of ROM and 48kB of RAM (parts of the ROM are used not only for Bluetooth stack, but for audio and other libraries as well). 
d) Power Consumption
Power consumption has become an important concern of end device manufacturers recently. Bluetooth SIG responded by enhancing the feature set of new Bluetooth versions. The power consumption can be primarily lowered by adjusting network scanning and transmission parameters, which, however, sacrifices bandwidth and prolongs the link initialization [11] .An average Bluetooth chip usually drains about 50mW for both receive and transmit modes. In sleep mode (or equivalent mode, e.g. Parked state), some of the chips (e.g. CRS"s BlueCore) can lower the consumption below 1mW.
e) Network Features
In basic mode, Bluetooth creates a temporary device link in a process called "pairing" -a process of establishing point-topoint ad-hoc connection between two devices. So called "piconet" is a network created on a temporary basis (although usually the intention is to create a permanent network) and is an extension to the point-to-point topology. Fig.1 shows the piconet and scatternet of Bluetooth. It forms a "star" masterslave topology. To create a piconet, in the process of device pairing one device has to be elected as the network master, while other devices join the network as slaves. Master defines the physical layer parameters of the network. The maximum number of active devices in piconet is limited by the structure of Bluetooth"s MAC layer to 7 slaves and one master. 
f) Security and Reliability
Bluetooth offers an authentication method using 128bit key [13] . Bluetooth is more resistant to eavesdropping than other technologies, because in difference to e.g. Wi-Fi or ZigBee, the modulation it uses on the physical layer is FHSS and not DSSS, which means we need to follow the frequency hopping in order to continue receiving data [14] .Reliability is a rarely discussed attribute of Bluetooth. The technology used on physical layer makes Bluetooth slightly more likely to suffer from interferences and intentional jamming. The scatternet is also not a topology that can guarantee reliable multi-hop data transfers. Moreover, the spontaneous nature of all connections is not an attribute that benefits the reliability.
g) Costs
There are several manufacturers of Bluetooth chips available on the market. Broadcom offers the BCM2046 SoC, however, at unknown price and probably only for wholesale. Texas Instruments" portfolio contains a number of Bluetooth chips (e.g. the BlueLink series). All of them are available to "high-volume wireless OEMs and ODMs only. The same situation repeats with Infineon. They also offer more information about their solutions than other manufacturers. Their BlueCore4 SoC and BlueCore5 SoC (Bluetooth transceivers without ROM/Flash) cost from $3 to about $10 / unit, depending on the range of included multimedia.
B. Wi-Fi
Wi-Fi is probably the most exploited wireless technology nowadays. It belongs to the family of (W) LAN networks, but with latest amendments it could also be belonging to the (W) MAN family. It is built on the IEEE 802.11 standard, which first version was announced in 1997 and first successful commercial standard (the 802.11b and 802.11a) was adopted in 1999.
The physical layer defines the operation frequency to 2.4GHz (802.11b/g/n) and 5GHz (802.11a/n) employing DSSS (802.11b) or OFDM (for higher speeds in 802.11a/g). In difference to Bluetooth, the Wi-Fi spectrum is divided into only 13 partly overlaying sub channels (14 th available in Japan only), each occupying the band of 22MHz. At an instant moment, the 802.11a/b/g versions are always occupying only a single channel [15] .
a) Hardware Dimensions
The average size of a Wi-Fi RoC (usually means WiFi + Radio-MCU + Caches) is about 8x8mm. Most of the modern chips that are being introduced now are even smaller, www.ijacsa.thesai.org some of them, mostly coming in the TFBGA packaging, have the size of 5x3 mm (0.2x0x12 in). The disadvantage of Wi-Fi is its requirement of external memories and processors, which in the end means that general Wi-Fi device is much larger (scope of centimeters) than all of the other devices mentioned in this Research paper.
b) Memory Requirements
Wi-Fi is, compared to Bluetooth, WUSB and ZigBee, the most memory and computing-power demanding. Modern chips contain 400MHz RISC processors with 64KB-128KB caches, and are using external RAM and ROM in the sizes of MB. Common Wi-Fi USB dongles do not contain the Wi-Fi stack in their firmware.
c) Bandwidth and Range
The theoretical maximum for Wi-Fi range is in the units of kilometers (miles). There are working installations on the distance of above 2 km (1.2 mile) in the 5GHz band and above 1 km (0,6 miles) using a standard hardware .
Standard ranges achieved by stock antennas and standard output power are 100 m (300 feet) for outdoor (line-of-sight) range, and about 10 m (30 feet) for indoor use.
d) Power Consumption
The main purpose of Wi-Fi is to deliver enhanced data rate. The power consumption issue is in this technology not significant, and there is no main intention in the development to try to lower it. There were some attempts to create low power Wi-Fi devices, but the results are not as persuasive as e.g. Bluetooth or Zigbee can be. Broadcom has developed a chip that drains 270 mW in full speed, and calls it low power. Gainspan has developed another chip, GS1010, which is truly SoC, with radio, MCU, RAM and Flash integrated in single chip, thus lowering the final power needed. They claim that single AA battery will last years in their product [17] . In numbers, an average full speed power consumption of an 802.11g device ranges from 400mW up to 1W.
e) Network Features
Wi-Fi defines two types of networks -ad-hoc and infrastructure. In ad-hoc network, there is no master device, all devices have equal roles and all of the connections made are peer-to-peer. These are mostly used for temporary purposes. Infrastructure is a network with one (or more) master devices. These devices define the parameters of the network. Devices that join the masters and are not providing connection to the network to other devices are called slaves.
The topologies possible to form using Wi-Fi are star or tree (using multiple AP). There are also proprietary mesh network applications being developed, with the aim on metropolitan networks.
f) Security and Reliability
Wi-Fi is well known for its former weak WEP encryption. In last few years, as its popularity grew up, new security algorithms were applied in Wi-Fi. Nowadays, the security standard is defined by 802.11i. WPA2 supplies most features defined by that standard (using AES for enciphering) and together with authentication protocols (various forms of Extensible Authentication Protocol (EAP)) it is at least for now considered secure.
g) Costs
It is difficult to obtain prices for single chips for Wi-Fi, as most of the SoCs / RoCs are currently under development, and the others are not for sale separately and wholesale prices are kept as confidential. The total price of the wireless card is far below 100$. So, for a single chip, the price could be approximately ten of dollars.
C. Certified Wireless USB
This is the only technology that, at the moment, is not based on an actively maintained IEEE standard. Thus, there is a lot more competition in this field -various companies are using the name "Wireless USB" for their products, which are, however, not compatible with other company"s "Wireless USB" [16] . Due to this confusion in terminology, the largest group of industries concerned in Wireless USB development decided to call their solution "Certified Wireless USB". It is officially supported by the authors of USB -the USB Implementers Forum, and names such as Microsoft, Samsung, HP, Intel, NEC, Nokia, LSI and NXP figure among companies supporting and contributing to its development.
a) Hardware Dimensions
Alereon is the main manufacturer of UWB chipsets. The company maintains a 3rd generation of Certified Wireless USB compliant chips; one of the current chips (the AL5300) can be used worldwide (bands 1, 3, 4 and 6), others only in USA (band 1 only). There is no official information on the dimensions of the chips, but according to original scale images, they come in both TFBGA and WLCSP package in the sizes of about 5x5 mm (0.2x0.2 in). Artimi delivers another SoC to the market, which, however, needs an external WiMedia compliant chip to function. It comes in 10x10 mm (0.4x0.4 in) LFBGA package [18] .
b) Memory Requirements
For the host adaptors, it is assumed that a computer or other powerful computational device is present that will manage all the required calculations. For the device adaptors, the computational power correlates with the required speed of the device. Most of the manufacturers use RISC processors with tens of MHz and under 100kB of RAM and ROM [19] .
c) Bandwidth and Range
As was already mentioned in the introduction, Wireless USB is supposed to replace the current wired USB, thus it offers the 480 Mbit/s maximum data. But, due to the design of physical layer, this speed can be achieved only at short (3 m (10 feet)), line-of-sight distances. For longer distances it drops rapidly, to about 110 Mbit/s at 10 m (33 feet) and even less at longer distances. The maximum range for reliable transfers is not far behind 10 m [20].
d) Power Consumption
The general power consumption of Wireless USB can be defined as lower than Wi-Fi but higher than Bluetooth. All the chip manufacturers I found were boasting with low power. www.ijacsa.thesai.org Wireless USB solutions, but only one gives exact numbers: Artimi"s draining 100mW under certain circumstances when online.A-150 can run The Wireless USB devices are also able to sleep, lowering the consumption to under 5mW.
e) Network Features
Only a simple peer-to-peer star topology network is offered by Certified Wireless USB. The central device is the "host adapter" which provides connection for "device adapters". The maximum number of device adapters for single host adapter is 127. They are sharing the common bandwidth through a TDMA.
f) Security and Reliability
There are several uses of encryption / authentication methods in WUSB. The standard method is AES-128 Counter with CBC-MAC. It also specifies a public key encryption, but for authentication purposes only. It has to be as strong as the CBC-MAC, so it uses RSA cipher with 3072 bit keys for encryption and SHA-256 for hashing [16] . The security architecture is also capable of wired connection detection as a form of encryption, allowing leaving out additional cryptography. Wired connections can be also used for secure initial CCM Connection Key distribution. Most of the reliability considerations were already mentioned, in general transfers within the 10 m (33 feet) range can be considered reliable, although, there is a large influence on the reliability with the presence of other wireless technologies.
g) Costs
The cost of single chip is not publicly available from any of the above-mentioned manufacturers. Nevertheless, it should not be much higher than 10$, as the technology claims to be low-cost and also because it is trying to compete Bluetooth, which chips cost about 10$.
D. ZigBee
ZigBee is an extension to the IEEE 802.15.4 (low-rate (W) PAN1) standard. It is focused on embedded platforms -low power consumption and very low complexity are the main concerns, as well as security and jamming resistivity. The ZigBee Alliance is an association of companies working on a standard, which would enable low-power, cost-effective, reliable, wireless communication. Its members are for example Free scale, Motorola, Texas Instruments, Honeywell, Samsung, Philips, Siemens and over hundred others. First release of the ZigBee specification was in the beginning of 2005 and the latest was released in the end of 2007.
a) Hardware dimension
The dimensions of both ZigBee SoCs and ZigBee transceivers are approximately the same, ranging from 4x4 mm (0.15x0.15 in) to about 7x7 mm (0.27x0.27 in), mostly in QFN packages. Additionally, because of a low number of external components, the final product can reach similar sizes to Bluetooth, as the only larger external part required is an antenna.
b) Memory Requirements
When compared to other technologies, memory requirements of ZigBee are the least demanding. The total required memory is based on the particular ZigBee stack you want to use [21] . But, in global terms, 100kB of ROM and units of kilobytes of RAM should be sufficient for most of the stacks. Also the computational power is reasonable -usually RISC MCUs at frequency below 30 MHz are used.
c) Bandwidth and Range
ZigBee belongs to the low-speed WPAN network family, thus its bandwidth is limited. The maximum data rate is 250kb/s at every physical layers defined in the latest 802.15.4 standard [17] . The standard range for indoor application is about 30 m (100 feet) for indoor applications and about 100 m (300 feet) for outdoor use. The range can be also extended by using higher power, whip / external antennas, and clearing the Fresnel zone. In numbers, typical ZigBee radio uses from 30 to 50 mW for receive and about one quarter more for transmit. The sleep power is about (but mostly lower than) 0,001 mW.
d) Power down and wake up cycles
As most of the devices in the network are sleeping endpoints, the duration of a power down and wake up cycle is important factor that influences the length of battery life. Speaking about the SoCs or modules, the time required for them to wake up is mostly dependent on the software (firmware) used. E.g. a radio running only the 802.15.4 compliant software does not need to undergo the initialization process of a ZigBee stack, which can in case of very low duty cycle save valuable milliseconds [22] . This fact should be considered when deciding between ZigBee and proprietary 802.15.4 application [23] . The power down is not a computationally difficult task. Generally, the end devices can be turned down instantly at any time. Nevertheless, a timeout is usually implemented for applications that use duplex transfers [24] .
e) Network Features
ZigBee networks can be established by a coordinator only [25] . Upon correct PAN parameters settings, other devices may join the network, forming one of the following topologies [26] . 
III. CONCLUSION AND FUTURE SCOPE
